Background: Adiposity, low aerobic fitness and low levels of activity are all associated with clustered cardiovascular disease risk in children and their high prevalence represents a major public health concern. Objective: The aim of this study is to investigate the relationship of objectively measured physical activity (PA) with motor skills (agility and balance), aerobic fitness and %body fat in young children. Design: This study is a cross-sectional and longitudinal analyses using mixed linear models. Longitudinal data were adjusted for baseline outcome parameters. Subjects: In all, 217 healthy preschool children (age 4-6 years, 48% boys) participated in this study. Measurements: PA (accelerometers), agility (obstacle course), dynamic balance (balance beam), aerobic fitness (20-m shuttle run) and %body fat (bioelectric impedance) at baseline and 9 months later. Results: PA was positively associated with both motor skills and aerobic fitness at baseline as well as with their longitudinal changes. Specifically, only vigorous, but not total or moderate PA, was related to changes in aerobic fitness. Higher PA was associated with less %body fat at baseline, but not with its change. Conversely, baseline motor skills, aerobic fitness or %body fat were not related to changes in PA. Conclusion: In young children, baseline PA was associated with improvements in motor skills and in aerobic fitness, an important determinant of cardiovascular risk.
Introduction
Adiposity, low aerobic fitness and low levels of physical activity (PA) are all associated with clustered cardiovascular disease risk in children 1 and their prevalence, especially when combined, represents a major public health concern. [2] [3] [4] Well-developed motor skills are possible determinants of fitness and PA in adolescents and young adults. 5, 6 In children, a new model suggest a reciprocal and developmentally dynamic relationship between motor skill competence and PA mediated by factors such as physical fitness and obesity. 7 As PA is a potentially modifiable lifestyle behavior, it is of interest to known the nature of the relationship of PA with motor skills, aerobic fitness and body fat. Several studies described that PA is positively, although weakly, related to different motor skills in school 8 and preschool children. 9, 10 As those studies represent crosssectional data, it is difficult to draw conclusions about the direction of causality. Therefore, prospective data are needed that may help to establish recommendations for strategies in health promotion, especially in younger children.
Other cross-sectional studies revealed weak to moderate positive associations between PA and aerobic fitness in children. 11, 12 In addition, a study in school children showed that the decrease in habitual PA between 1975 and 2005 was accompanied by a decrease in aerobic fitness. 13 Similarly, high levels of PA in school children were associated with a better aerobic fitness 4 years later. 14 However, there is a lack of longitudinal data looking at the influence of PA on aerobic fitness, particularly in preschool children. The relationship of PA with body fat has been studied in several longitudinal designs, but their results are controversial. Indeed many, [15] [16] [17] but not all 18 studies in prepubertal children could demonstrate a negative association between PA and increases in body fat. To our knowledge, previous studies have not investigated the strength of the relationship of PA with motor skills, aerobic fitness and body fat together in one single study. Furthermore, there is a need for longitudinal studies in young children. Therefore, we investigated the crosssectional and longitudinal relationship of objectively measured PA with motor skills, aerobic fitness and %body fat in a large sample of preschool children.
Subject and methods

Study design and participants
We analyzed data from a randomized controlled trial (Ballabeina-Study, clinicaltrials.gov NCT0067454), 19 in which preschool classes from two separate regions in Switzerland were randomly selected. Children were assessed both at baseline (summer 2008) and 9 months later. Children from the 20 classes of the control group, who did not receive any intervention, were used for these analyses. The study was approved by the respective regional ethics committees, and written informed consent from the parents or legal representatives was obtained for 312 children. This analysis focuses on those 217 children with valid data for all PA and physical fitness measures at both time points (69% of the participating children). Children with and without valid data did not differ in baseline values of PA, physical fitness and anthropometry (all P ¼ not significant).
Physical activity PA was measured over 6 consecutive days with an accelerometer (GT1M, Actigraph, Florida, USA), which was programmed to save data in 15-s intervals (epochs). The Actigraph/computer science and applications is the most commonly used motion sensor in children and has a good reproducibility, validity and feasibility. 20 This particular type of PA assessment has been shown to be valid across different activities in 3-to 5-year old children, with a Pearson correlation coefficient of r ¼ 0.82 between VO 2 (ml kg À1 min
À1
) and Actigraph counts/epoch. 21 The accelerometers were worn around the hip. To consider data as valid, at least 3 days of recording (2 weekdays and 1 weekend day) 22 with a minimum of 6 h registration per day were needed. The 6-h validity was highly correlated with 10-h validity (N ¼ 502, r ¼ 0.92, Po0.001). Data from monitored days were extrapolated by weighing weekdays and weekends 
Physical fitness
Physical fitness in childhood is a powerful marker of health 24 and can be grouped into two broad categories: health-related aspects (aerobic fitness, muscular strength, muscular endurance and flexibility) and skill-related aspects (agility, balance, coordination, power, reaction time and speed). 25 In this study, aerobic fitness was chosen because it represents health-related aspects and agility and balance were selected because they represent some aspects of the skill-related physical fitness.
Agility. Agility 26 was assessed by an obstacle course specifically designed for 3-to 6-year old children and described by Vogt 27 and Kunz. 28 It includes running 1 m from a marking cone to a transversally positioned bench, jumping over the bench (36 cm high, 28 cm wide), crawling under the bench and running back to the marking cone three times in a row as fast as possible. The test was assessed by the time needed to complete the obstacle course and was measured in seconds. Each child had two attempts and the faster one was used for further data analysis. The interobserver correlation and the test-retest reliability in our pilot study (n ¼ 14) were r ¼ 0.99 (Po0.01) and r ¼ 0.82 (Po0.01), respectively.
Balance. Dynamic balance was tested by balancing forward barefoot on a balance beam (3 m long and 3 cm wide). 29 As an outcome measure, the consecutive successful steps on the beam were counted until the foot of the child touched the floor. Children could reach a maximum of eight steps. They performed three trials and the mean of the best two trials was calculated and used for further analyses. The interobserver correlation and the test-retest reliability between the two better attempts in our pilot study (n ¼ 15) were r ¼ 0.97 (Po0.01) and r ¼ 0.84 (Po0.01), respectively. 
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Sociocultural characteristics Sociocultural characteristics (parental migrant status and education) were assessed by questionnaire. Parental migrant status was determined by their country of birth (migrant status equals being born outside of Switzerland) 34 and educational level as the respective highest grade of school completed.
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A low educational level was defined as no education beyond mandatory school (9 years). A child was defined as migrant with at least one migrant parent and of low educational level with at least one parent with a low education.
Statistical analysis
All analyses were performed using STATA version 11.0 (Statacorp, College Station, TX, USA). For descriptive analyses, the results are presented as means ± s.d., as all variables were normally distributed. Gender differences at baseline and follow-up, as well as longitudinal changes within one variable were analyzed using a simple mixed linear model with sex as the only fixed factor and preschool class (cluster) as random factor. To assess the cross-sectional and longitudinal relationships between PA and physical fitness or %body fat, we used mixed linear models with physical fitness or %body fat as outcome variable, PA measures (predictor), age and sex as fixed factors and preschool class (cluster) as random factor. To assess longitudinal changes, the models were additionally adjusted for the respective baseline values of the outcome parameters. In a second step, we adjusted cross-sectional and longitudinal analyses for the following confounder variables: parental migrant status and educational level and, for the fitness variables, %body fat. For better understandability and comparability between different measures, the results of mixed linear models were also expressed in the form of partial correlation coefficients. These coefficients were computed by first regressing outcome and predictor of interest against the same covariates and then correlating the resulting residuals. Conversely, the same regression and correlation analyses were performed with PA measures as outcome variables and the measures of physical fitness or %body fat as the predictors. Interactions between sex and the respective predictor variables were tested. As no significant interactions with sex were found (all PX0.1), we did not stratify analyses by sex. Statistical significance was defined by Po0.05.
Results
Subjects' characteristics
The baseline characteristics of the 217 children (mean age at baseline: 5.2 ± 0.6 years, 48% boys) are shown in Table 1 . Outcome measures at baseline and at follow-up are shown in Table 2 . At baseline, there were gender differences in %body fat, MPA and VPA and at follow-up additionally in total PA, aerobic fitness and agility (all Po0.05). Over the following 9 months, there were longitudinal changes in all variables (all Po0.001), except for %body fat.
PA and motor skills
At baseline, sex-and age-adjusted positive associations were found between PA and agility and balance (all Po0.04, A cross-sectional and longitudinal study (Ballabeina) F Bürgi et al Table 3a /b). For example, an increase of 100 counts per minute at baseline was associated with an increase in agility of 0.5 s in the cross-sectional analyses. Likewise, baseline PA was significantly associated with change in agility and balance (all Pp0.02, Table 3a/b).
Adjusting for sociocultural confounder variables did not alter those associations. However, after additional adjustment for %body fat, the association between baseline PA with baseline agility (r ¼ À0.10 to À0.11, PX0.14) as well as with change in balance (r ¼ 0.13 to 0.15, PX0.05) did not remain significant.
PA and aerobic fitness
At baseline, positive associations were found between PA and aerobic fitness (all Po0.001, Table 4 ). Baseline VPA, but not baseline total PA or MPA, was associated with a change in aerobic fitness (P ¼ 0.046, Table 4 ). After adjusting for all confounders, the relationships between baseline PA measures with baseline and change in aerobic fitness remained similar or became even more pronounced.
PA and %body fat
At baseline, total PA, but not MPA or VPA, was negatively associated with %body fat (P ¼ 0.04, Table 5 ). After adjusting for sociocultural confounders, the association between total PA and %body fat did not remain significant (r ¼ À0.11, P ¼ 0.15). No longitudinal relationship was found between baseline PA and changes in %body fat.
Determinants of PA changes
No relationship could be found between baseline physical fitness or %body fat and changes in PA. Thereby, the following correlations were found: agility r ¼ À0.03 to À0.12, PX0.14, balance r ¼ 0.05 to 0.07, PX0.14, aerobic fitness r ¼ 0.10 to 0.16, PX0.06 and %body fat r ¼ À0.05 to À0.15, PX0.35. Only baseline aerobic fitness was weakly associated with changes in MPA (r ¼ 0.16, P ¼ 0.04), but also this association did not remain significant after adjusting for confounders.
Discussion
Main results
In the studied preschool population, PA was related to agility, balance and aerobic fitness in cross-sectional analyses. Our results also showed, that baseline PA was associated with prospective improvements in all of these fitness measures. Thereby, only VPA was related to changes in aerobic fitness, an important determinant of cardiovascular risk. There was a weak relationship of PA with %body fat. We did not find any evidence for a reverse direction of association: Overall, baseline physical fitness or %body fat were not related to changes in PA. As far as we are aware, this is the first longitudinal study investigating the broader Table 2 Subjects' characteristics at baseline and follow-up Mixed linear regression: all analyses were adjusted for age, sex and the effects of clustering by preschool class.
A cross-sectional and longitudinal study (Ballabeina) F Bürgi et al relationships of PA with fatness and with different fitness measures in one single study and thus helps to fill the lack of data in young children.
PA and motor skills
The observed weak to moderate associations between PA and motor skills (that is, agility and balance) are in concordance with previous cross-sectional results in preschoolers. [8] [9] [10] On the basis of these previous studies, it has been hypothesized that performance level in motor skills may predict PA. 8, 10 We could not replicate an impact of motor skills on increases in objectively measured PA in young children, but, in contrast, found that higher baseline PA was associated with beneficial changes in motor skills at follow-up. Our data suggest that the relationship between PA and motor skills is dominated by the Abbreviations: 95% CI, 95% confidence interval; c.p.m., counts per minute; MPA, moderate activity (420-841 counts per 15 s); PA, physical activity; r a , partial correlation coefficient; VPA, vigorous activity (X842 counts per 15 s). Mixed linear regression: all analyses were adjusted for age, sex and the effects of clustering by preschool class. Longitudinal analyses were also adjusted for baseline outcome parameters. Comment: the extremely low b-coefficients derive from our scale unit of c.p.m. or number of MPA/VPA epochs.
A cross-sectional and longitudinal study (Ballabeina) F Bürgi et al impact of PA on motor skills. This would be in accordance with the model of Stodden et al. 7 that assumes that young children's PA might drive their development of motor skill competence. This model suggests that in early childhood the relationship between PA and motor skills is still weak, but strengthens over time. 7 If future studies confirm our results, it appears plausible to argue that in young children, initial high motor skills performance levels per se do not guarantee a more active lifestyle, but that there is a need to continuously promote PA throughout childhood.
PA and aerobic fitness
The investigated moderate relationship between PA and aerobic fitness is consistent with cross-sectional data in school children. 11, 12, 36 Depending on its intensity, PA may have different effects on physical fitness. 24 That is why several cross-sectional studies reported a stronger relationship between VPA and a higher aerobic fitness level in school children and adolescents. 12, 24, [37] [38] [39] [40] [41] In contrast to those findings, we did not observe a more pronounced association with more intense activities in our cross-sectional analyses. However, our longitudinal findings seem to support the general assumption that vigorous activities are stronger related to aerobic fitness. Thus, we confirmed the association of VPA with changes in aerobic fitness in a longitudinal design and extended it to preschoolers. In older children and adolescents, maintaining high levels of PA was associated with high future fitness. 14 However, adolescents who were less active at baseline, but subsequently increased their PA levels over the next 4 years, never reached the fitness performances of children who were active at baseline.
14 These findings strengthen the benefits of being active from early childhood through adolescence.
PA and %body fat A recent review regarding the association of PA and adiposity concluded that high levels of PA are probably protective against childhood obesity, but that there is a need for more research on this topic in younger children. 17 We only found a relationship between total PA, but not for MPA or VPA with %body fat at baseline. This is in contrast to previous crosssectional findings in school children. 12, 40 This discrepancy could be explained by differences in the proposed cutoffs for more intense activities. 12, 21, 40 For instance, Bailey et al.
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reported that school children engaged in only very short bursts of intense PA and therefore it could be possible, that even 15-s epochs may not be sufficient to assess more intense PA. Moreover, we found no longitudinal relationship between baseline PA and changes in body fat, a finding in agreement with a study that also used objectively measured PA in a similar age group, 18 but in contrast to other longitudinal studies. [15] [16] [17] As activity patterns in young children are by nature often random, sporadic and unsustained, they may not always result in a reduction of body fat. 42 It is possible that a larger amount of PA, a longer follow up or a higher variance of adiposity in the study population are needed to detect marked changes in body fat. Yet, on the basis of our data, it can be concluded that the same activities that were associated with physical fitness were only weakly or not at all related to %body fat. The same results were obtained when using body mass index instead of %body fat (data not shown).
Determinants of PA changes
In this study, baseline motor skills, aerobic fitness or %body fat were not related to changes in PA except for the relationship between aerobic fitness and MPA. However, the latter relationship did not remain significant after controlling for confounders. In contrast to our data, a few longitudinal studies in school children and adolescents found that motor skills were important determinants of reported PA. 5, 43 Our results are more in line with the findings reported by McKenzie et al., 44 who also included younger children and found that baseline motor skills (including agility, balance and coordination) were not related to their reported PA 6 years later. The inconsistencies between previous longitudinal studies could be explained by differences in age, the lack of controlling for baseline values, the lack of objective measures of PA and differences in the selected motors skills and tests. For example, some studies tested locomotion, agility and balance, 43, 44 whereas another study, additionally tested object control skills or fine motor development. 5 In this study, not all relevant motor skills for this age group were tested. 45 Thus, we can not exclude that other motor skills like speed and power could also be related to future PA. However, unless future studies show an impact of motor skills on PA in this age group, we cannot assume that high motor skills performance levels will lead to a high level of PA in young children. Nevertheless, differences between our data in young children and previous longitudinal studies can be reconciled by the model of Stodden et al. 7 that presumes that the relationship between motor skill performance and PA is reciprocal, but that it is also developmentally dynamic. High aerobic fitness may have an influence on PA, but more data are needed to clarify its impact. We found a positive relationship between baseline aerobic fitness and changes in MPA in our unadjusted analyses only. To some extent, these results support similar data found in school children, where aerobic performance (measured by a 1-mile run) was a predictor of reported PA 4 years later. 43 Percent body fat was not associated with changes in PA in our study.
Only few previous studies have focused on the influence of body fat on changes in PA and have yielded controversial results. 46, 47 Overall, the body of evidence measuring the impact of physical fitness and body fat on PA is still slim, particularly if compared with the more abundant data focusing on sociocultural predictors of PA in children.
A cross-sectional and longitudinal study (Ballabeina) F Bürgi et al
Strengths and limitations
An important strength of this study is the longitudinal design, which allows some conclusions regarding the dominant direction of the observed relationships despite the short follow-up period. Another strength is the adjustment for baseline outcome parameters in the longitudinal analyses, which was lacking in most previous studies. Moreover, the adjustment of all analyses for confounders allowed us to show that the relationship between PA with motor skills was in part confounded by %body fat and the relationship between PA with %body fat by sociocultural characteristics. Further strengths of the study are the comprehensive assessments of objectively measured PA, physical fitness and %body fat in a young population. Nevertheless, the study has some limitations, only a selection of relevant motor skills was investigated. Another limitation is the use of an indirect measurement of VO 2 to test aerobic fitness. This may have diluted the relationship between PA and aerobic fitness. However, the test had a good reproducibility in our pilot, but it has to be mentioned, that the shuttle run test was not validated against a more direct measure of maximal oxygen consumption in children below the age of six. Nevertheless laboratory tests would not have been feasible in this epidemiological approach. In this age group, it can even be hypothesized that fitness tests conducted in the preschool setting may better reflect performances levels in real life than assessments in more experimental settings. Furthermore, the breakpoint proposed for MPA in this age group corresponds to VO 2 thresholds of 20 ml À1 kg min
À1
. 21 This in turn corresponds to three to four METS (metabolic equivalents), if the Schofield equation is used to calculate basal metabolic rate. 48 It might therefore be, that time in MPA is overestimated. Although our sample size was very similar to previously mentioned longitudinal studies, we cannot exclude that a larger sample size could have enabled us to detect a significant relationship between baseline physical fitness and changes in PA, although the correlation coefficients were clearly smaller than for the reverse relationships.
Conclusions
This study showed that PA correlates with physical fitness including agility, balance and aerobic fitness in young children. Our results indicate that an early and continuous promotion of PA throughout childhood may be essential. But we assume that a larger amount of PA or a longer follow up may be required to possibly induce changes in body fat at this young age. These findings contribute to the current understanding for more evidence-based public health policies in young children.
